As shown independently by Wang (1923) and by Slonaker (1925) caged rats given access to a revolving drum show periodic fluctuations in their daily voluntary activity.
male and female rats may be distinguished by the higher level of activity of the female. The average daily activity of the male varies between two and eight thousand revolutions per day, while that of the female varies between six and twelve thousand revolutions per day. These statements are based on our records obtained from approximately sixty animals during w Fig . la. Graph showing effect of castration on spontaneous activity of adult rat. The number of revolutions per day in the revolving drum are indicated on the ordi--nates and the age of the animal in days on the abscissae. This graph also shows the body weight and the average daily food-intake for lo-day periods. This animal was castrated at 169 days. It will be seen that immediately followin g this operation the activity showed a marked permanent decrease from 4000 to 7000 revolutions per day to a low level of only a few hundred revolutions per day.
Fig. lb. Graph showing effect of castration on spontaneous activity when animal is castrated at an early age. This animal was castrated at 30 days, just before it ~88 put into the drum. The activity remained on a fairly low level throughout the rest of the animal's life. the past three years. At the present time it is not possible to give more exact running averages for the two sexes, because of the large individual differences that exist within the two sexes; also because the average running level reached by the adult is dependent on the age at which the rat first learns to run in the drum.
young. After removal of the gonads of the male, the castrate,-like the spayed female, -maintains a constant low level of activity which is 60 to 95 per cent lower than the pre-castration level. The activity of the male castrate is qui te similar both in amount and form to that of the spayed female. OW experiments have demons trated that the testes b ,ave an importan t influence in figure 1 , a and b on the spontaneous activity of the male, as is shown On the basis of the results obtained from such experiments, it becomes possible to make a quantitative as well as a qualitative study of the effect of transplantation of the sex glands. The flat low level of activity of the castrated male and the spayed female serves as a base line u Pn which changes in activity following transplantation of the ovaries or the testes may be recorded. Our knowledge of the presence of the four-day activity cycle in the female, and its absence in the male, and the higher running level of the female, makes it possible to recognize definitely signs of male or female behavior.
The following experiments form a study of the effect on behavior of the transplantation of ovaries into previously castrated males. The specific problem involved may be formulated as follows:-How is the low level of the cas #trated male affected by the transplantation of ovaries, and to what extent are the female characteristics, the four-day cycle and the higher running level, transferred to the castrated male through the grafted ovaries?
METHODS.
Activity in these experiments was measured by the methods and technique described by Wang (1923) . To obtain quantitative records of periodic activity which has its source within the body, it is essential tha lt environmental conditions be carefully controlled. The room used for the experiment was fitted with double semi-soundproof doors, and situated in a part of the laboratory free from external noises and disturbances. It was kept as clean and well-ventilated as possible, with constant illumination by a dim red light, and with a uniform temperature of 20°C. The animals were disturbed once each day at noon for one half hour, when the cyclometer readings were recorded and the food-cups weighed and refilled; also once each week on Monday afternoon from two to four, when the cages and room were cleaned and the animals weighed.
In behavior work the physical condition of the animal is of utmost importance; for unless one is working with animals in good health, the results become too complicated for analysis. We have found that the food-intake2 curve, and the body weight records, give us a very simple and 2 A special diet recommended by Dr. E. V. McCollum was used. We have given this diet to our rats for three years and have had excellent results.
The formula with food curves showing the average amount of food eaten by animals of various ages and under various conditions may be found in papers by Wang referred to above. reliable check on the health of the animals; so that in these experiments as in previous activity experiments, a record was kept of the amount of food eaten every day by each animal (Wang, 1925) . Food was left in the cages at all times, and the conditions of obtaining it were kept constant and the same for each animal.
It was possible to observe these precautions because each animal was kept in a separate cage. Where there are more animals in the same cage it is usually not possible to keep the food conditions constant.
Twenty-four male rats were used. They were castrated at various ages, from 27 to 90 days after birth.
A short time was allowed following castration and before transplantation to be certain that the animals were running consistently on the new low level. The time allowed varied from ten to twenty-five days; but we have since learned that this was an unnecessary precaution.
From observations on over forty animals we know that when castration or spaying is performed at an early age or before the animal begins to run a great deal, activity remains on a low level throughout the rest of the animal's life. Castration and spaying after the animals have already reached a high running level causes a similar decrease in activity but not so great.
We used the following technique in transplanting the ovaries. Both the male previously castrated and the female from which the ovaries were to be taken (always a litter mate) were anesthetized.
Then the abdominal wall of the female was opened and the ovaries were located and left in a position for quick and easy removal.
In the male a mid-line incision was made exposing the recti muscles in one of which a small pouch was prepared forthe ovary by separating the exposed muscle fibers into two layers with and reached a plateau some 20 davs later. The grafts were removed when the animal was 93 days old and almost immediately the activity returned to the low pre-transplantation level. Record also shows the body weight of the animals, and food-intake in grams. The marked increase in body weight following removal of the grafts may be noted. Fig. 2b . Rat 3. Functional take. Legends the same as for rat 2. Animal was castrated at 29 days. The ovaries were transplanted at 50 days. The grafts were removed at 113 days. The retardation in growth following the transplantation of ovaries is shown by the marked flattening of the body weight curve. The record also shows the decrease in activity and the increase in body weight, following removal of the grafts. Fig. 2c . Rat 9. Functional take. Legends the same as for rat 2. Animal was castrated at 30 days. Ovaries were transplanted at 65 days. Record shows the two stages of increased activity following the transplantation.
This. record also shows a very great flattening of the body weight curve after the transplantation operation.
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, 4i! a blunt pair of forceps. One of the ovaries of the female was cut off, freed from fat and from the remnants of the Fallopian tube, then cut into five or more pieces which were irnbedded in the pouch already prepared for them in the rectus muscle of the male. The incision was closed with silk sutures. With a similar technique the other ovary was transplanted into the opposite rectus muscle. 'The incisions in the abdominal wall and in the skin of the transplanted castrate were closed with fine silk sutures.
RESULTS.
Following the transplantation of ovaries, seventeen out of the twenty-four castrated animals showed an increase in activity. These animals will be referred to as "functional takes."
The records of three of these animals which showed the largest increase in activity are shown in figure 2 , a, b and c. The number of revolutions per day is given on the ordiAomge 9ody-&i? -- Fig. 3 . NOITW~ growth curve of males and females based on records obtained from twenty males and twenty females from our own colony kept under essentially the same conditions as those of the present experiment. given on the ordinates and the age in days on the abscissae.
Body weight in grams 1s
nates and tb age in days on the abscissae. The records also show the body weight curve and the daily food-intake in grams. Rat 2, whose record is shown in figure 2a , was castrated at 30 days and was immediately placed in a running cage, where it showed the usual low level of castrated animals. When it was 50 days old ovaries were transplanted into it. After six days a sharp increase in activity occurred which continued steadily for the next twenty days until a plateau was reached at almost eleven thousand revolutions per day. This high level was maintained up to the time of the removal of the grafts when the animal was 93 days old. Following removal of the grafts the activity diminished again (a decrease of 95.7 per cent); so that within a few days after the operation the activity had returned to its pie-transplantation level. It will be noted that the activity of this animal shows the features that are characteristic of the activity of the
female, that is, the presence of the four-day cycle and the high level of activity.
Of the six cycles that occurred before the grafts were removed three were four days in length, two five days, and the other three. The level of activity reached, which was almost eleven thousand revolutions per day, was considerably higher than that of the average male rat. Further indications of the 'effect of the transplantation of* ovaries into the castrated males may be seen in the body weight curve of rat 2 in figure 2a. At 90 days, at the time the grafts were removed the weight of this animal was 210 grams, which is considerably less than that of the average male at this age as is shown in comparing it with our average body weight curve of the males and females in our colony ( fig. 3 ). These curves are based on the Animal was ca&rated when it was 70 days old. Ovaries were transplanted 10 days later. The transplantation had no apparent effect either on activity or on body weight. average weekly weights of twenty males and twenty females which were given the same food and kept under approximately the same conditions as the animals reported in this paper. The influence of the ovaries on t!he body weight is demonstrated more strikingly by the marked increase in body weight following removal of the grafts. At 145 days when the experiment was discontinued, this animal weighed 313 grams which is 8 grams above the average weight of males at this age. Rat at 29 3 in figure 2b shows a somewhat different record. It days and immediately started in the running was castrated cage. The transplantation was done on the fiftieth day. The increase in activity began the seventh day following the operation and continued steadily for the next twenty days reaching a plateau 25.6 times higher than the pretransplantation level. The activity and the cycles are less regular than in rat 2. The removal of the grafts was followed within five days by a marked drop in activity (94.1 per cent) to the pre-transplantation level. The body weight curve of this animal was flattened very much more by the successful ovarian transplantation than was that of rat 2. Up to the time of transplantation at 50 days, its body weight conformed very closely to t*hat of our average weight curve for the male; but immediately after the transplantation the curve became remarkably flattened.
At the age of 113 days, when the grafts were removed, the animal weighed 200 grams which is 70 grams below the weight of males at, this age and only 20 grams above the average female weight.
The influence of ovaries on the body weight is shown further by the marked increase which took place following removal of the grafts so that within thirty days following this operation the weight of the animal rapidly approached the body weight curve of the male.
Rat 9 in figure 2c following transplantation exhibited a marked increase in activity very similar to that shown by rats 2 and 3, except that in this animal the increase in activity took place in two stages. In the first stage the activity increased for fourteen days when a definite plateau was reached at about 5000 revolutions per day. This plateau was maintained for approximately forty days after which a second increase in activity, more marked t,han the first, took place. Thus thirty days later a daily average of 10,000 revolutions was reached, with one peak of activity of over 14,000 revolutions. Activity cycles were present in this animal, especially during the second part of the record. The body weight of this animal showed a more striking reduction from that of the male than that of either rat 2 or 3. At the age of 149 days the animal weighed 210 grams which was about 100 grams less than that of the average male at this age and only a few grams above the average weight of females.
Seven of the twenty-four castrated animals failed to show an increase in activity following transplantation of ovarian tissue. These animals will be referred to as "functional non-takes."
A record of one of these animals, rat 12, is presented in figure 4. This animal was put in the running cage at 30 days and was castrated at 70 days. It is seen that up to the time of castration the activity had reached a fairly high level and that after castration there was an immediate marked drop. Ovaries were transplanted when the animal was 80 days old, following which there was neither a change in activity nor in body weight.
The average daily activity forty days after the transplantation showed a decrease rather than an increase. The body weight continued its normal rate of increase and at the age of 140 days the animal weighed 350 grams which is well above the average weight even of males at this age.
We found that the younger the animal the better the chances were for successful transplantation.
Our unsuccessful attempts may be explained tional non-takes" are given. The identification number of each rat is given in the first column; the average number of revolutions per day for a twenty day period during the pre-transplantation period in the second column; the average level for twenty days of the plateau of activity following transplantation in the third column; the increase in activity following transplantation in percentages in the fourth column; the highest peak of activity reached before and after transplantation is shown in the fifth and sixth columns. In six of the animals the grafts were removed before the end of the experiment, so that in these animals a record of activity was No cycles -obtained for a considerable period during which the animal was again in the neutral castrate condition. The average level of activity following the removal of the grafts is shown in the next to the last column. The decrease in the activity is shown in the last column, expressed in percentages.
It will be. seen that the increase in activity following transplantation shows a graded effect varying from 1.03 to 116 times the pre-transplant ation level. The lowest average was 270 revolutions per day after trans- IN MALE  CASTRATES  WITH  OVARIAN  TRANSPLANTS   591 plantation, while the highest was 10955. The effect of transplantation is further demonstrated by a marked increase in the height of the peaks of activity after the operation.
That these higher running levels were due to the presence of the grafts is conclusively established by the fact that when the grafts were removed the activity immediately decreased again (about 90 per cent) to its original neutral castrate level. Take  9  Take  2  Take  3  Take  17  Take  Y14  Take  Y13  Take  14  Take  8  Take  6  Take  15  Take  18  Take  4  Take  16  Take  10  Take  7  Take  19  Take  12 Non-take 13
Non-take Yll Non-take Y12 Non-take 11
Non-take 20
Non-take 5 Non-take In these experiments it is shown then that the activity of castrated males may be markedly increased by the presence of the ovaries. To what extent does the increase in activity in these castrated males have the characteristics of female activity?
Five of the seventeen "functional takes" reached a daily running level of 8000 or more, which is close to the average of normal females, and considerably higher than the average for normal males except in a few instances. We may thus regard these results as fairlv conclusive evidence of feminization.
In four other animals the new level of trans-plantation varied between 3000 and 7000 revolutions which is within t.he limits of variation of the normal male. The eight remaining animals ran considerably less than either normal males or females. Transplantation of ovaries has a graded effect also on the activity cycles. The records of the cycles of individual animals is given in table 2. Four of the "functional takes" exhibited fairly regular cycles which resembled those of the normal female. Nine of the 'Vunctional takes" showed cycles which were very much less regular.
There were no cycles in the remaining four "functional t.akes" nor in any of the seven "functional non-takes."
Twelve of the twenty-four animals showed a definite change in body weight after transplant.ation of ovaries. The effect of t.ransplantation on body weight shows itself in two ways: first, the rate of gr0wt.h of t.he castrated animals, which is normal ly very much more rapid females, was decreased unt,il the body weight curve closely approxim ated This is shown most clearly in the marked the normal curve for the female.
than that of flattening in the body weight curve of rat 9 in figure 2c. In the second place the effect of t-he ovaries showed itself in the marked increase which took place following the removal of the grafts. These twelve animals in which the body weight was very obviously altered in this way will he referred to as "body weight takes" whose body weight remained close to in contrast to seven that of the average m other animals ale throughout the course of the experiment.
The remaining five animals showed body weight changes which were somewhat doubtful.
These will be referred to as "doubtful body weight takes."
The relation of the "functional takes" to the "body weight takes" is presented in table 3. Ten of the seventeen "functional takes" are "body weight takes."
Of the remaining seven "functional takes" five are "doubtful body weight takes" and two are "body weight non-takes."
Out of the seven "functional non-takes" five are "body weight non-takes" and two are "takes."
In most cases the change in body weight was in direct proportion t.0 the increase in activity.
The animals which ran most following the transplantation of ovaries also exhibited the greatest flattening of the body weight curve and the animals which showed the smallest change in activity showed the smallest changes in body weight.
This close relationship between t,he changes in body weight and activity is demonstrated very definitely in the animals on which records were taken following removal of the ovarian grafts. It has already been pointed out that remov -al of the grafts in ac tivity, and an increase i .n body causes a large decrease (about 90 weight.
It is interesting to per cent,) note that the amount of increase in body weight following removal of the grafts is directly proportional in all instances to tlhe average daily running activity before this operation. This is shown in the following in which the number of the rat is given in the first colunm, the average daily running level in the second column, and the increase in body weight in per cent thirty days after the operation (the quotient of the amount of increase in thirty days over the body weight at the time the grafts were removed). Rat 2 which ran most before the operation shows the largest gain in body weight, while rat 4 which ran least shows the smallest body weight gain. This finding confirms numerous observations that we have made on the effect on body weight of castration and spaying.
The amount of the increase in body weight which follows is proportional to the amount of activity before the operation.
It may be pointed out, as an aside, that the failure to take the activity factor into consideration has led to erroneous results, as in the case of the work of Stotsenburg (1909) , (1913), (1917) on the change in body weight following castration and spaying.
Stotsenburg found that females showed a definite increase in body weight while males failed to show any change at all. We have found that rats which have been active, males as well as females, show an increase in body weight following castration.
Males that are almost completely inactive do not show a change. Females are more active than males and for this reason always show a larger increase in body weight following spaying.
The results of the transplantation of ovaries on body weight offer a twofold interpretation.
We may regard the retardation in growth of the castrated male as the direct effect of the ovaries; and we may also regard it as being due to the indirect effect of increased activity produced by the ovax7es.
The behavior part of these experiments was limited to the study of the changes in spontaneous activity which occur following transplantation. No attempt was made to correlate these changes with specific male and female sex activity. This is being done in another series of experiments. To determine if a correlation exists between the behavior of the animal and the condition of the grafted ovaries, one of us (A. F. G.) made a histological study of the transplants.
The tissue about the site of the graft was studied in twenty of the twenty-four animals which were used in these behavior experiments.
It was thus possible to compare the morphology of the grafts in the functional and body weight take, doubtful take and non-take. At varying intervals following transplantation the rats were anesthetized. In some of the animals the grafted areas were excised and fixed in formalin while in others a vascular injection of india ink was made and the tissue fixed. The graft and the muscle surrounding it were dehydrated, embedded in either paraffin or celloidin, and sectioned at 15 to 30 micra. Most of the sections were stained in hematoxylin and eosin, though many were stained with iron hematoxylin, Mallory and Wright, and carmine.
Unmistakable ovarian tissue is to be seen bilaterally in seventeen of the twenty transplanted animals examined.
The grafts of rats 2, 3, 9 are shown in figure 5, a, b and c. In the other three rats (nos. 11,12 and 13) no vestige of ovary remains on either side; the site of the transplant being only demarcated by the presence of the well healed scar, and the black silk which was used in suturing the graft in place ( fig. 5d ). In the other seventeen rats ovarian tissue is found bilaterally, well embedded in the recti muscles. In these seventeen pairs of ovarian grafts we find all degrees and types of variation from the histology of the normal rat ovary. In no instance does the transplanted ovary resemble closely the typical normal picture of the ovary of an adult female: little stroma, with multiple corpora lutea in various stages of development and regression, separated here and there by maturing and mature graafian follicles.
After comparing the graft with the normal rat ovary we have attempted to express the degree of normality of t.he transplant in terms of percentage. We realize that such an empirical procedure is open to objection; but we have fortified ourselves against the less accurate judgment of one observer by asking another worker (G. W. Corner) to evaluate the grafts independently. Table 3 gives the averages of two sets of values made by Doctor Corner and one of us (A. F. G.) along with a summary of the activity and body weight changes for each rat. The activity and body weight records are given in the first five columns. Since we do not know what part of the. ovary is responsible for this female activity-phenomenon we thought best to evaluate the general ovarian picture (the size of the graft, the amount of scarring, number of large follicles and amount of lutein tissue) separately from the normality of the graafian follicles and corpora lutea.
This we have done in column six, the normal ovary being 100 per cent. In columns seven and eight we have expressed separately the normality of the graafian follicles and corpora lutea.
The introduction of the important variable, the length of time which the graft was allowed to remain in place, makes a very exact comparison of the histological data too uncertain.
Some of the grafts were removed twenty days after their implantation while others were allowed to remain over four months.
We do not know how the age of the graft affects the indi-All the photographs are from preparations stained with hematoxylin and eosin, and magnifiedsixty diameters. Photographs made by Bausch and Lomb. Fig 5a. Transplanted ovary of rat 2. One of the most normal of the transplants, containing a small amount of lutein tissue and a large number of follicles. Fig. 5b . Transplanted ovary of rat 3. Fig. 5c . Transplanted ovary of rat 9. Fig. 5d . Rectus muscle of rat, 12, at site where ovary ww engrafted.
All ovarian tissue has been resorbed, leaving only scar tissue. Blood vessels injected with india ink. Fig. 6a . Transplanted ovary of rat 10, which was functionally inactive, Note that the transplant is anatomically more nearly normal than that of rat Y 14, shown in figure 6b. It is unfortunate that it was impossible to sacrifice all the animals when the transplants were of equa! age. However there are a few general facts which an anatomic study of the grafts demonstrates.
It is significant that the only three rats studied anatomically which did not at any time show either an ovarian effect on their activity or body weight (that is, they were neither activity nor body weight takes), had no ovarian tissue persisting.
In these three animals which were totally castrate as far as their behavior is concerned, there was a complete resorption of the ovarian grafts.
All of the remaining seventeen animals studied microscopically showed ovarian tissue present and, according to behavior criteria they were all either activity or body weight females.
Neither the amount of activity shown, nor the average duration of the cycle, which in normal females is 4 to 5 days? seems to bear any definite relation to the degree of normality of the ovarian transplant.
Rats 10, 17 and 20 show very slight or no increase in activity following transplantation, have doubtful body weight takes, and no observable cycle; but a microscopic study of their ovaries rates the transplanted gonads as about 50 per cent normal ( fig. 6a ). On the other hand rats Y 14 and 14 show a much greater increase in activity following transplantation, are definite body weight takes, have ocstrous cycles and yet their ovaries are only 30 per cent normal ( fig. Gb) .
It seems then that the presence of the ovarian transplant feminizes the castrated male in either its activity or body weight or both; that the resorption of the graft makes the animal a neuter castrate. However there appears to be no consistent correlation between the degree of feminization, the extent of activity, or the degree of specificity of the weight curve and the microscopic normality of the transplanted ovary.
Since no gradation in difference could be demonstrated between the general ovarian histology of the strongly and doubtfully functional grafts, it was decided t.o make a vascular injection of a small number of the male castrated rats in which ovaries had been transplanted.
Here again our results are befogged by the variable length of time the grafts were allowed to remain in before the rat was killed. After anesthetization a 1 to 1 dilution of india ink was injected at 80 mm. of mercury pressure through a cannula tied into the left ventricle.
The ink was allowed to flow until it ran out of a hole cut in the right auricle. The vascular system was clamped and tied off, and when the rat was dead the whole animal was put in formalin. The site of grafting was excised, dehydrated, embedded, sectioned and stained. Six rats were thus injected, nos. 9, 17, 8, 7, 19 and 20. The richness of the ovarian vascular pattern varied markedly in the six animals but there was no discoverable relation to the degree of feminization ok 7). CASTRATES  WITH  OVARIAN  TRANSPLANTS   597 In these inconclusive experiments it seems that neither the degree of normality of the ovary nor the richness of the ovarian vascular pattern bear a consistent relation to the extent of the behavior feminization of a male castrate in which ovaries have been transplanted.
IN MALE
For a male castrate to Fig. 7 . Cleared india ink vascular injection of graft of rat 9 before microscopic sectioning.
Both ovarian vascular pattern and follicles of ovary are evident. Silk suture, which was on under side of specimen, is not indicated in the drawing.
Microscopic section of this graft is shown in figure 5c . Drawing made by Mr. James Didusch.
have its behavior transformed into the type characteristic of the female, transplanted ovarian tissue must persist. However, on the other hand, the persistence of ovarian tissue does not feminize the behavior of all of the male castrates. The actual factor upon which successful behavior takes depends, remains to be discovered. The basis for these experimen tivity of males castrateed at an
.ts was the observation that early age always remains on the running a low level, and that there are sex differences in activity which can be measured : the four-day cycle present in the female and absent in the male, and the higher running level of the female.
1. Transplantation of ovaries into castrated males may produce a marked increase in activity.
The amount of the increase of twenty-four animals varied from 1.03 to 1 16 times the in seventeen out pre-transplant ation level. The remaining seven animals showed a decrease in activity after the operation. th 2. Five of the castrated males after ovaries had been transplanted into em ran as mu ch as normal females and considerably more than the average male. Four others reached the average for males, while the rest ran less than either males or females.
3= In four of the animals the activity cycles characteristic of the mature female rat were produced, but were not quite so regular as they are in normal females. Very much less regular activity cycles were present in nine other anim$s.
The remaming animals showed no cycles at all. 4. Twelve of the animals showed a change in body weight following transplantation, that is, the more rapid rate of growth of the castrated males was diminished until the body weight curve closely approximated the body weight curve of the normal female. When the grafts were removed the body weight increased again to the male level. Five animals showed small and somewhat doubtful changes in body weight while seven showed no changes at all in body weight.
5. Histological examination of the grafts showed that ovarian tissue was present in all animals with either a change in activity or body weight. The grafts contained graafian follicles, ova, and corpora lutea, but they did not present the histological picture of completely normal ovaries. The grades of activity and body weight changes were not correlated with definite histological differences in the grafts, except that in animals which showed neither an increase in activity nor a body weight change the grafts were completely absorbed. Because of the absence of any correlation between the activity changes and the histology of the grafts an attempt was made to determine whether the weight and activity changes might not be correlated with the histological picture on the basis of different degrees of vascularization of the grafts. However, no such correlation could be established. BIBLIOGRAPHY LONG AND EVANS.
